Background: Although Zumba ® is practiced by millions of people worldwide, there is a paucity
Introduction
The protective role of physical activity on depression and cardiovascular disease has been widely reported in the literature. [1] [2] The recommendations of the American College of Sports Medicine 3 to decrease/maintain a healthy body weight and enhance cardiovascular fitness include 75 to 150 min of weekly exercise. However, recent reports on physical activity trends in Europe show a plateau in sport participation in the past few years, especially in women. 4 This slower growth could be linked to various factors such as low income, time constraints or education. 4 Within this context, the development of DVD-based workouts allowing exercising at home seems like an interesting and cost-effective strategy to promote sport participation.
Zumba ® is a dance-based fitness class that originated in Colombia in the 1990s and is now extremely popular worldwide (www.zumbafitness.com). Scientific studies about the potential benefits of Zumba in healthy women have shown many positive effects of this type of workout on body composition and physical fitness. [5] [6] [7] Donath et al. 7 tested the effects of Zumba ® sessions performed twice weekly for eight weeks in physically active young women.
They showed that, compared to a control group with no physical activity, women who took part in Zumba ® improved their cardiovascular endurance (+21%), trunk strength endurance (+48-71%) and dynamic balance (+11%). Two other recent studies investigated the effects of longer intervention periods (twice to three times weekly for 12 to 40 weeks) in middle-aged female hospital employees. [5] [6] Significant improvements were observed in maximal oxygen consumption (VO2max) relative to body mass (+4.7% to 6.9%), total fat mass (-2.5% to -5.5%) and body fat percentage (-3.6%) compared to a control group. [5] [6] While these results are very promising, the Zumba ® sessions were performed as a class with an instructor, and it would be interesting to investigate if similar benefits could be brought about by Zumba ® DVD workouts performed at home.
"An 8-week Exercise Intervention Based on Zumba ® Improves Aerobic Fitness and Psychological Well-Being in Healthy Women" by Delextrat AA, Warner S, Graham S, Neupert E Journal of Physical Activity & Health While the physical and physiological benefits of Zumba ® classes seem relatively well established, there is a paucity of data in the literature on the effects of Zumba ® on psychological outcomes. Only study reported a significant (+9.8%) improvement of total quality of life score (assessed by a questionnaire) after eight weeks of Zumba ® in young women. 7 The psychological benefits of other types of dance are better described. Significant improvements in mood, body image, personal accomplishment, strength and endurance selfperception and self-concept (including physical self, identity and self-satisfaction) were reported after various dance-based group interventions. [8] [9] It has also been shown that performing dance workouts alone (dance mat "exer-gaming") could lead to significant psychological improvements, such as a greater autonomy. 10 Several associations were reported between the different types of benefits brought about by physical exercise. Indeed, a greater level of aerobic fitness has been positively linked to various aspects of quality of life, including decreased mental stress and improved self-control and mental resources. [11] [12] Likewise, Carr and Jaffe 13 showed that self-acceptance and self-satisfaction could be related to body composition and body mass changes over time.
However, these associations were evidenced with various types of exercise, and it would be interesting to observe if the practice of Zumba ® could achieve similar results.
Within this context, the aim of the present study was to investigate the effects of an 8-week intervention based on Zumba ® exercise on cardiovascular fitness, body composition, physical self-perception and psychological well-being in healthy women. A secondary objective was to identify if there was any association between the changes in physiological and psychological parameters as a result of the intervention.
"An 8-week Exercise Intervention Based on Zumba ® Improves Aerobic Fitness and Psychological Well-Being in Healthy Women" by Delextrat AA, Warner S, Graham S, Neupert E Journal of Physical Activity & Health
Methods

Participants
Forty-four women volunteered to take part in the study. They were recruited from various community centres and amongst university students and staff members. Inclusion criteria included weekly physical exercise lower than 2h and no previous practice of Zumba ® .
Exclusion criteria were pregnancy, musculoskeletal injuries and metabolic/cardiorespiratory contraindications to physical exercise. Participants were randomly allocated to a Zumba ® group (n=22, age: 26.6±5.4 years old; height: 165.8±7.1cm) and a control group (n=22, age:
27.9±6.0 years old; height: 164.7±6.2cm). Each participant was informed in detail about the testing procedures and possible risks of the study before signing an informed consent. In addition the study was approved by the university local ethics committee. Seven participants stopped the study during the 8-week intervention, and therefore final analyses involved only 19 participants in the Zumba ® group and 18 in the control group.
Procedures
Each participant took part in one pre-test and one post-test sessions before and immediately after an 8-week period with either a Zumba ® intervention (Zumba ® group) or no intervention (control group). The pre-and post-tests were performed during one single session in the laboratory, while the Zumba workouts were undertaken at home with a DVD.
In addition, participants were advised to keep the same diet as usual during the entire duration of the study, and required to record the content of their meals twice weekly (one week day and one week-end day) in a diary. The diary was based on simple qualitative (name of food) and quantitative (small, medium or large portions) descriptions. 
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Zumba workouts
Participants were requested to take part in three 60-min Zumba ® workouts weekly by following the same DVD at home for the entire duration of the study. Their HR was recorded at 5-s intervals (Polar team system 1, Polar, Finland) during one weekly session, and they were requested to let the research team know if they missed any session. Mean HR (HRmean) was then calculated as the average HR from the start to the end of the 60-min long session (including warm-up and cool-down). It was then expressed relative to HRmax obtained during the incremental test, and relative to heart rate reserve (HRR = HRmax -HRrest). The following five heart rate zones were defined and the time spent in each zone was calculated: ). An average value between the eight weeks was then calculated for these variables.
Control group
The control group took part in all the pre-and post-assessments, but did not follow the Zumba ® intervention. Instead, they were required to carry on doing their normal daily activities throughout the eight-week period. To encourage such practice, a weekly diary of exercise workouts performed (including classes, gym workouts, sports in clubs), as well as commute time and transport mode (car, bus, bicycle or walk) and sedentary activities (watching TV, time ina seated position) was kept by each participant. For the workouts, participants were requested to log the duration and estimated intensity (high, moderate or low) of the activity performed.
Statistical analyses
All data were expressed as mean ± standard deviation. After checking for normal distribution and equality of variances, an analysis of variance with repeated measures was performed to evaluate the effect of group (Zumba ® vs. control), time (pre-vs. post) and interaction between these factors (group*time) on anthropometric, physiological and "An 8-week Exercise Intervention Based on Zumba ® Improves Aerobic Fitness and Psychological Well-Being in Healthy Women" by Delextrat AA, Warner S, Graham S, Neupert E Journal of Physical Activity & Health psychological parameters. Post-hoc Bonferroni pairwise comparisons were subsequently undertaken when a significant interaction effect was found. Effect sizes were calculated using partial eta squared (ƞ p ) and interpreted as no effect if 0 < ƞ p < 0.05, a minimum effect if 0.05 < ƞ p < 0.26; a moderate effect if 0.26 < ƞ p < 0.64, and a strong effect if ƞ p > 0.64. 23 In addition, the percentage change between pre-and post-test was calculated for each variable in the Zumba ® group, and Pearson correlations were used to assess the relation between the changes in psychological, fitness and anthropometric data (n=19). For all these analyses, significance was set at p = .05.
Results
Results of the incremental running test showed that the criteria for the achievement of VO2max were accepted (increase in VO2 of 118±35 mL.min -1 between the last two stages, HR Figure 1 .
The changes in anthropometric and physiological variables following the 8-week intervention are displayed in Table 1 . Statistical analyses showed a significant interaction effect between group and time on VO2max expressed in relative values (p = 0.010), with a significant improvement observed in the Zumba group (+3.6%, p = 0.008) between pre-and post-tests, but no significant variation in the control group (-2.4%, p = 0.063). This difference Several associations were observed between some pre-test data and the changes observed as a result of the Zumba intervention. Indeed, baseline BF% was significantly related to the change in the importance given to sport competence (r = -0.492, p < 0.05) and 
Discussion
The main results of this study showed that a home-based Zumba ® intervention provided positive changes in maximal aerobic fitness as well as psychological benefits, including a higher self-perception of physical strength and muscular development, greater autonomy and purpose in life. These changes were associated with moderate to large effect sizes. In addition, we identified a link between some of the psychological changes and anthropometric or physiological parameters. This is the first study to show the benefits of Zumba ® workouts performed as a home-based intervention.
Significant increases in VO2max expressed relative to body mass were observed after eight weeks in the present study, with a large effect size. Previous studies have shown chronic benefits of Zumba ® workouts on cardiorespiratory endurance, including increases in
-mile walk test performance (+21%) 7 and in cycling VO2max (+5%) [5] [6] . Interestingly, we did not find any significant effect of the Zumba ® intervention on VO2max expressed in absolute values, similarly to a previous investigation 5 , which could be due to the concomitant changes in body composition and fitness. These aspects will be discussed later. The improvement in VO2max (+3.6%) observed in the present study is slightly lower than observed in previous studies, which could be partly explained by the shorter length of our intervention (8 weeks vs. 12 and 40 weeks in our study and the studies of Barene et al.). [5] [6] Indeed, although most authors suggest a minimal duration of 6-8 weeks to increase aerobic fitness, 24 greater improvements are observed with interventions of longer durations (+4.7% vs. +6.9%
for 12 vs. 40 weeks).
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The average intensity of the Zumba ® workouts in the present study is within the range suggested to improve aerobic fitness. 25 Indeed, we showed a mean HR of 144 beats.min Many women's motivation to exercise is weight loss, 28 and anecdotal evidence suggests that Zumba ® should be a good way to achieve this objective. However, our results as well as those from previous studies did not show any significant decrease in total body fat levels following short-term Zumba ® interventions in healthy women and adults with components of the metabolic syndrome (8-12 weeks). 5, 29 This absence of body fat loss seems specific to Zumba ® since a significant decrease in fat mass in the lower limb was observed after a soccer-based but not a Zumba ® -based intervention of similar durations in middle-aged sedentary women. 5 The relatively short duration of the interventions could explain this absence of body fat changes, since significant fat losses linked to the practice of Zumba ® were only evidenced after 40 weeks. 6 The amount of calories burnt during the Zumba ® workouts of the present study was 5.9 kcal.min -1 or 354 kcal in a 60-min session, which is comparable to results from another study also using a Zumba ® DVD (6.6-7.4 kcal.min -1 depending on dance styles). 30 However, although our participants were advised to keep their diet as usual, the possibility of a dietary compensation due to the change in physical activity levels is frequent and cannot be excluded in the present study. 31 Further studies would be The psychological benefits of dance-based classes are well documented in the literature. [32] [33] However, only one study reported specific benefits linked to the practice of Zumba ® . 7 These authors observed a significant improvement in Quality of Life based on a questionnaire involving elements of physical and psychological health, social relations and environment after eight weeks of Zumba ® in female college students. However, the Zumba ® workouts in this study were performed in class settings, and it is well-known that a significant part of the effects of dance classes reported in the literature is linked to exercising as a group with an instructor. 34 Although these elements are missing in the home-based settings of the present study, we identified several significant improvements in psychological outcomes in the Zumba group compared to the control group. The significantly greater perceived physical strength and muscular development and importance given to these aspects observed in the present study are in accordance with improvements in self-perceptions of strength, fitness and endurance reported in women and adolescent girls after various types of dance-based interventions. In addition, the significant improvements in the SPW items of autonomy and purpose in life observed in the present study are supported by similar increases in autonomy scores after participating in dance mat "exer-gaming" sessions, 10 and significantly lower beliefs in external control after a step dance exercise programme. 8 It has been
highlighted in the literature that dance-based exercises promote greater acute and chronic mood changes, compared to other types of exercises, such as running, strength training or ice skating. 33, 36 Furthermore, high-intensity workouts, which is a unique feature of Zumba ® compared to other types of dance, have been shown to promote greater chronic well-being improvements than lower-intensity exercises. 37 These observations, together with the moderate effect sizes linked to our results suggest that a home-based Zumba ® intervention is beneficial for these psychological aspects.
No improvements were observed in the present study in psychological subscales involving the environment or relationships with others. These results are not surprising because the Zumba workouts were performed alone, and it would be interesting to investigate if Zumba ® classes could improve these aspects. On the other hand, the lack of beneficial effects on body image was unexpected, and in contrast with previous findings about the benefits of dance interventions. 35 This element could be particularly important for exercise participation because it has been shown that women's motivation exercise greatly relies on a need to improve self-esteem and body image. 4 However, a meta-analysis 38 highlighted that the benefits of exercise on body image could be moderated by a variety of factors, such as age, gender ethnicity, or social interactions. These factors might explain the contrasting results between our study and previous investigations.
Several associations were found in the present study between psychological variables and either body composition or fitness. The negative association between baseline body fat levels and the changes in the relations with others and importance given to sport competence scores in the present study are in accordance with findings from Carr and Jaffe, 13 showing negative correlations between body mass index and interpersonal discrimination and selfsatisfaction. However, in contrast with this previous study, 13 we did not find any significant association between the change in body fat as a result of our intervention and any of the
, except one (importance given to bodily attractiveness). It seems that changes in body composition are not always accompanied by improvements in selfperception. Indeed, using the same PSPP questionnaire as our study, Anderson et al. 39 found that eight-week of exercise based on walking with and without electrostimulation resulted in significant body fat loss, but did not change any of the PSPP items, except one (perceived level of physical conditioning and exercise). Greater fitness levels have been associated with better psychological outcomes, such as decreased stress, increased mental resources and selfcontrol in several studies. [11] [12] Within this context, we showed that improvements in fitness parameters following participation in Zumba ® were linked to improvements in the perceived physical strength and muscular development and its importance, purpose in life, and the importance given to physical conditioning level and exercise. These results are very encouraging, and suggest that Zumba ® affects specific psychological outcomes, but not others. However, the paucity of similar data in the literature highlights the need to further studies on the psychological effects of Zumba ® .
Several limitations could be identified in the present study. The first one is the relatively low sample size, leading to small to moderate effect sizes. In addition, we only monitored physiological parameters during one weekly Zumba ® session, and these measures relied on direct HR measurement, but indirect VO2 or caloric expenditure evaluations.
Finally, we did not control for all the potential confounding factors that could have affected our results, including sleep quality or changes in social interaction during the eight-week intervention.
Conclusion
The results of the present study suggest that a home-base Zumba ® programme is beneficial for sedentary women to improve aerobic fitness and some psychological aspects, 
